. Parasites and pathology of the respiratory tracts of native and feral mammals in Australia -a review. Australian Mammalogy 24: 177-192. This paper summarizes knowledge of the biodiversity and pathology associated with parasites of the respiratory tract of wild mammals, including feral species, in Australia. Representatives of 21 genera of nematodes distributed in the superfamilies Trichostrongyloidea, Metastrongyloidea, Thelazioidea, Filarioidea, Trichinelloidea and Muspiceoidea are included. Larval stages of the cestode, Echinococcus granulosus, occur in the lungs of macropodids and feral pigs (Sus scrofa). Trematodes occur in the lungs of dugongs (Dugong dugon) and in the cranial sinuses and blowholes of dolphins. Pentastomes occur in the lungs of the sugar glider (Petaurus breviceps) and in the frontal sinuses of dingoes (Canis lupus dingo) and foxes (Vulpes vulpes). Nymphal stages of the latter have been found in the lungs of rabbits (Oryctolagus cuniculus) and nymphs of a pentastome of tree pythons occur in the lungs of the northern brown bandicoot (Isoodon macrourus). Pneumonyssid mites occur in the lungs of the northern brushtail possum (Trichosurus vulpecula arnhemensis) and an undescribed speleognathine mite has been found in the lungs of P. breviceps. Trombiculid, tydeoid, dermanyssid and halarachnid mites are endoparasitic in the nasal sinuses of rodents, antechinuses, possums, gliders, elephant seals and fur seals. Larvae of oestrid bot-flies occur in the trachea of macropodids and in the nasal sinuses of camels (Camelus dromedarius). Host specificity in these parasites represents the full spectrum from species specific to class catholic with the intranasal chigger, Ascoschoengastia rattus, occuring in metatherian and eutherian mammals as well as varanid lizards. Similarly, pathological changes associated with these parasites range from inapparent to verminous bronchitis and bronchiolitis resulting in mortalities or severely impaired respiratory reserve or hypoxia precipitating death.
MATERIALS AND METHODS
Standard post mortem procedures were followed. The parasites recovered were fixed in the manner appropriate for morphological studies of the suprataxon in question; hydatids in cold and nematodes and pentastomes in hot, 10% neutral buffered formalin, and arthropods in 70% ethanol at room temperature. Fixed specimens were examined grossly (hydatids), in lactophenol (nematodes), Hoyer's medium (pentastomes) and lactophenol after several hours treatment in hot potassium hydroxide (arthropods). Voucher specimens collected by the author and representing unpublished records are held in the Wildlife Parasite Collection (W/L HC) housed at CSIRO Sustainable Ecosystems in Canberra and accession numbers are included in the Tables.
RESULTS

Rodents (Tables 1, 2)
Muridae
Six mite species belonging to four genera (Ascoschoengastia, Paraspeleognathopsis, Walchia and Domrownyssus) and a trichinelloid nematode (Trichosomoides spratti) occur commonly in the 
Host Parasite Taxon Site in host References
Rattus norvegicus
Nematode Angiostrongylus cantonensis pulmonary arteries Mackerras and Sandars 1955; Bhaibulaya 1968 Bhaibulaya , 1975 Nematode Angiostrongylus mackerrasae pulmonary arteries Bhaibulaya 1968 Bhaibulaya , 1975 Nematode Angiostrongylus cantonensis pulmonary arteries Mackerras and Sandars 1955; Bhaibulaya 1968 Bhaibulaya , 1975 The rat lungworm, Ang. cantonensis, is of particular importance because it causes neuroangiostrongyliasis in humans and has been responsible for the death of two 11 month-old children (Cooke-Yarborough et al. 1999; Prociv 1999) . It causes neurological signs and clinical disease in a broad spectrum of abnormal mammalian hosts (Prociv et al. 2000) and recently has been responsible for fatal neurological disease in a wild yellow-tailed black cockatoo (Calyptorhynchus funereus) and a tawny frogmouth (Podargus strigoides). Its sister species, Ang. mackerrasae, occurring in native bush rats (Rattus fuscipes) and swamp rats (R. lutreolus) as well as introduced brown rats (R. norvegicus) has not been found in abnormal hosts. Mackerras and Sandars (1955) provided details of the pathogenesis of Ang. cantonensis (actually Ang. mackerrasae see Bhaibulaya 1968) infection in rats. Fourth-stage and early fifth-stage nematodes were found in the brain and meninges respectively, and adult nematodes in the right ventricle or tightly packed in the pulmonary orifice and projecting into the lumen of the ventricle. Based on results from experimental infections, they concluded that blocking of the common pulmonary artery by nematodes moving from the lungs may be a cause of death in rats. Arteries containing worms became hypertrophied to accommodate the increasing bulk of female worms. The intima proliferated greatly and was thrown into folds.
Many experimental animals had little healthy lung tissue remaining due to host reaction to deposited eggs and to developing and hatched larvae. The authors thought it likely that the infected rats could not have survived long under natural conditions. It is the obligatory period of development and migration through neural tissue of larval and early adult stages of the parasite, following ingestion of intermediate or paratenic hosts, which is responsible for development of clinical signs and neurological disease in abnormal hosts. Spratt et al (2001a) described G. australis, from subpleural nodules of R. fuscipes, R. lutreolus and house mice (Mus domesticus). They elucidated the life cycle and pathogenesis in native and introduced rodents infected naturally and experimentally (Spratt et al. 2001b) . The parasite has been found only in 16 of 4,227 (prevalence 0.38%) animals representing 28 species of native and 3 species of introduced murid rodents throughout Australia. Severe histopathological changes in the lungs of R. lutreolus and development of debilitating clinical signs, in contrast to the mild changes seen in the lungs of R. fuscipes, suggests that the former host-parasite relationship may be the more recent one. Patent infections were established in wild black rats (R. rattus) and laboratory R. norvegicus (none seen infected in wild) but not in wild Mus domesticus (seen once in wild), laboratory Mus musculus, rabbits (Oryctolagus cuniculus) and northern brown bandicoots (Isoodon macrourus). The genus Gallegostrongylus may be an old one possibly originating in rats. By rafting and/or human activities it appears to have been distributed around the world where it has encounterd suitable intermediate hosts and available niches for colonisation of new defintive hosts. Consequently, morphologically similar but biologically distinct species have evolved, one in rodent hosts in West Africa, a second in rodent hosts in the western Mediterranean and a third, G. australis, in two native rat species in Australia (Spratt et al. 2001a) .
Trichosomoides nasalis was originally described from the nasal cavity of R. norvegicus in Rome (Biocca and Aurizi 1961). Spratt (1985) found what he considered to be the same species in R. fuscipes, between sea level and 1200 m elevation in southeastern New South Wales (NSW). Males are unique in this nematode genus, living inside the uterus and vagina of females, 2 -8 with a mean of 5 in any one female in material from R. fuscipes. Diagne et al. (2000) subsequently redescribed Tr. nasalis from rats in Senegal and identified morphological differences between the European and African form on the one hand, and the Australian form on the other. In particular, no more than a single male occurs within a single female in the European and African form. These authors concluded that the material from R. fuscipes warranted specific status and named it Tr. spratti. (Tables 3-6) Dasyuridae (Table 3) The respiratory tracts of Dasyuridae are infected with a single species of trichostrongyloid nematode in the nasal cavity, a number of lung-inhabiting metastrongyloid nematodes, three of the four genera of nasal mites encountered in the Muridae and nymphal forms of a linguatulid pentastome. Beveridge and Barker (1975) reported generalised squamous metaplasia of the nasal epithelium in agile antechinus (Antechinus agilis -as A. stuartii) due to infection with the strongyle nematode, Nasistrongylus antechini. There was a moderate inflammatory cell infiltrate in the lamina propria and pressure of the nematodes on the mucosa in some areas eroded the epithelium, exposing the osseous core of the turbinate, which was occasionally necrotic. In a later paper (Beveridge and Barker 1976), they also reported local squamous metaplasia of the nasal epithelium of A. agilis (as A. stuartii) and effusion of neutrophils into the lumen of the nasal cavity, frequently associated with the presence of the nasal mite, Domrownyssus dentatus. As well, these authors observed interstitial pneumonia associated with the lungworm, Marsupostrongylus lanceolatus (as Plectostrongylus sp. -see Spratt 1979) . Mar. lanceolatus is a relatively small species occurring in worm nests in the terminal bronchioles, alveoli and lung parenchyma. McColl and Spratt (1982) reported a mild to severe interstitial pneumonia in A. agilis infected with Mar. lanceolatus.
Marsupials
Host
In contrast, a much more robust species, Mar. fragilis, occurs in the larger bronchioles of this host species. These two species co-occur frequently in A. agilis in south-eastern Australia, reaching a prevalence of > 90% in animals in the temperate coastal forested Nadgee region of south-eastern NSW 8 -10 years after wildfire. In contrast, Mar. lanceolatus and Antechinostrongylus disgubernaculus co-occur frequently in dusky antechinus (A. swainsonii) under these same circumstances. Spratt (1979) found the native terrestrial snail, Nitor pudibundus, and terrestrial semi-slugs Helicarion virens and H. hyalinus naturally infected with Mar. fragilis. In experimental studies, development to the infective stage in snails occurred in less than 12 days and patent infection was established in subtropical antechinus (A. subtropicus -as A. stuartii) with a prepatent period of less than 20 days.
Filaroides
pilbarensis from Dasykaluta rosamondae in Western Australia and Mar. parallelus from the lungs of Dasyurus hallucatus from the wet-dry tropics of northern Arnhem Land are the only lungworms known from western and north-central Australia (Spratt 1979 (Spratt , 1984a .
Peramelidae (Table 4) Two metastrongyloid nematodes, a thelazioid nematode, and nymphs of the armilliferid pentastome, Armillifer arborealis, are known from the lungs of bandicoots. The adult form of this pentastome occurs in the lungs of boid and colubrid snakes (Riley and Self 1981). Mackerras (1955) infected bandicoots (Spratt 1979) . McColl and Spratt (1982) reported a mild to severe interstitial pneumonia in eastern barred bandicoots (Perameles gunnii) infected with suspected Mar. bronchialis.
Metathelazia naghiensis is a highly characteristic thelazioid nematode with a well-sclerotized buccal capsule with six prominent denticles, three pairs of large salient lips, 3 -7 irregular longitudinal cuticular ridges and subcuticular tuberculations over the body (Spratt 1980) . Females produce thick-shelled eggs containing a first-stage larva. The parasite is known only from I. obesulus and long-nosed bandicoots (Perameles nasuta), but its life cycle is not known.
Phalangeridae (Table 4) Two species of metastrongyloid nematode, a muspiceoid nematode and the dermanyssid mite, Pneumonyssus capricorni, occur in the lungs, and the trombiculid mite, Ascoshoengastia rattus, occurs in the nasal cavity of possums. Presidente et al. (1982) reported minimal inflammatory reaction around mature Mar. minesi in alveolar sacs of mountain brushtail possums (Trichosurus caninus). However larvae were associated with focal interstitial thickening, smooth muscle hyperplasia and occasional granulomatous lesions. Subsequently, Bellamy (1993) reported a number of clinical cases in populations of common brushtail possum (T. vulpecula) near Sydney in which Mar. minesi was diagnosed as the cause of respiratory distress and cyanosis. Multiple pale foci were found in the lungs. Obendorf et al. (1998) reported a high prevalence (65%) of Mar. minesi in T. caninus populations in south-eastern Queensland (Qld) and at Barrington Tops, NSW. The nematodes caused pulmonary consolidation, accumulation of exudates in airways, extensive infiltrates of inflammatory cells, and granuloma formation associated with dead adult worms, their eggs or larvae.
A muspiceoid nematode resembling Durikainema sp. was found in T. vulpecula in Tasmania, associated with focal pneumonitis and a similar nematode associated with severe generalised pneumonia was reported from T. v. arnhemensis in Darwin (loc. cit.). Petauridae (Table 5) Trombiculid and tydeoid mites from the nasal cavity, an undentified speleognathine mite from the lung, two species of metastrongyloid nematodes and adults of a new species of the pentastome genus Raillietiella are known from gliders and ringtail possums but no associated pathology has been described. Potoroidae (Table 5 et al. 1991) in the epithelial linings of bronchi and bronchioles has been described by Love and Reddacliff (1992) . Mortalities associated with this infection occurred in captive colonies of rufous bettongs (Aepyprymnus rufescens), and long-nosed potoroos (Potorous tridactylus) held at Cowan, NSW in 1982 and these two host species and brush-tailed bettongs (Bettongia penicillata), held at Armidale, NSW in 1987. Clinical signs in infected animals included dyspnea and coughing, which were exacerbated by exercise, as well as nasal discharge, dull demeanor and moist rales on thoracic auscultation.
Macropodidae (Table 6) Metastrongyloid nematodes, a muspiceoid nematode, hydatid cysts and a bot-fly occur in the respiratory tracts of kangaroos and wallabies.
McColl and Spratt (1982) reported a mild to severe interstitial pneumonia caused by Mar. longilarvatus in swamp wallabies (Wallabia bicolor) and by Mar. dorrigoensis in red-necked pademelons (Thylogale thetis). Mild to severe tissue reactions associated with Marsupostrongylus spp. occur in the lungs of W. bicolor (Beveridge et al. 1985) . In one animal in particular infected with both Mar. dorrigoensis and Mar. wallabiae, scattered focal granulomatous lesions were characterised by eosinophil and mononuclear cell infiltrations with smooth muscle hyperplasia and mild bronchiolitis. Extensive and severe bronchopneumonia was found in two other animals in which parasites were not recovered from lung tissue but were suspected to have been Mar. longilarvatus. Peribronchiolitis with hyperplasia and inflammation of bronchiolar epithelium and exudation of eosinophils were evident. Diffuse interstitial thickening and smooth muscle hyperplasia was widespread. Dead and degenerating worms were surrounded by large numbers of eosinophils and foreign body giant cells.
A large viable pulmonary cyst of Echinococcus granulosus on the cardiac lobe of the lung of one W. bicolor, and a disseminated hydatid infection with numerous viable cysts on viscera throughout peritoneal and thoracic cavities in another animal have been reported by Beveridge et al. (1985) . Johnson et al. (1999) noted mortality attributable to E. granulosus infection in a Proserpine rock-wallaby (Petrogale persephone) with polycystic hydatid cysts and estimated that less than 10% of pulmonary tissue was functional. Similarly, mortality occurred in a Mareeba rock-wallaby (Pet. mareeba) (unilocular and multilocular cysts) and in a bridled nailtail wallaby (Onychogalea fraenata), with localisation in a kidney (unilocular cysts) as well as the lung (unilocular cyst) (loc. cit.).
Although normally a parasite of the portal vasculature of kangaroos and wallabies, Speare (pers. comm.) has observed the nematode Dur. macropi in the pulmonary arterioles of agile wallabies (Macropus agilis) and eastern grey kangaroos (M. giganteus) from Townsville and Collinsville, Qld, respectively.
The kangaroo bot-fly, Tracheomyia macropi, was first discovered "in a large kangaroo" in the Wallgatt district of NSW (Froggatt 1913) . Unlike the sheep bot, the developing maggot occurs not in the frontal sinuses and nasal cavities but in the trachea close to the pharynx, in the lower trachea and occasionally in the bronchi or bronchioles (Mykytowycz 1963) . He found a prevalence of up to 57% in red kangaroos (M. rufus -as Megaleia rufa) in a single area but found no evidence of infection in a sample of 50 M. giganteus, (note: sample probably included M. fuliginosus) at Cunnamulla, western Qld. The frequency of occurrence of different larval instars suggested two periods of oviposition, the primary one in May -July and a second one in November (Mykytowycz 1963) . Arundel et al. (1979) reported focal erosions in the oesophageal epithelium of one M. rufus caused by a bot-fly but the epithelium was normal in other infected animals.
Phascolarctidae (Table 7) A metastrongyloid and a muspiceoid nematode are known from the lungs of koalas (Phascolarctos cinereus). McColl and Spratt (1982) described a mild parasitic interstitial pneumonia associated with a few nematodes in bronchioles and many more in respiratory bronchioles, alveolar ducts and alveoli in a koala. The only prominent inflammatory response occurred around bronchioles and respiratory bronchioles, in the walls of a few arterioles and in occasional necrotic foci in the pulmonary parenchyma. The latter generally centered on small masses of degenerating larvae or remnants of nematode cuticle suggesting that the host response was directed at dead worms, dead larvae and egg shells from which larvae had hatched. While determined at the time as Marsupostrongylus sp., the parasite was later recognised as Mar. longilarvatus (Spratt 1984a ). Spratt and Gill (1998) found no reactions in pulmonary arteries and medium-sized vessels associated with adult female Dur. phascolarcti despite some transverse sections of vessels containing as many as 135 sections of nematode occupying > 95% of the diameter of the vessel. What were believed to be larval Dur. phascolarcti were observed in blood vessels and free in tissues of lung, cerebellum, medulla oblongata, liver, kidney, uterus, cervix and bladder, all in the absence of inflammatory cells. Vombatidae (Table 7) Only one species of metastrongyloid nematode, Mar. coulstoni, is known from the respiratory tract of common wombats (Vombatus ursinus). McColl and Spratt (1982) reported that a mild to severe interstitial pneumonia ensued in Mar. coulstoni infection in wombats.
Aquatic mammals (Table 8) Dugongidae (Table 8) Four opisthotrematid trematodes representing the genera Cochleotrema, Opisthotrema and Pulmonicola are known from the nasal passages, lungs, eustachian tubes and middle ears of dugongs (Dugong dugon) (Blair 1981) but the pathogenicity of these parasites is unknown. Delphinidae (Table 8) Species of the trematode genus Nasitrema have been reported in the cranial sinuses of dolphins by Neiland et al. (1970) . They reported that generally there is no associated pathology. However, Ridgway and Dailey (1972) noted that the organism may invade the brain and cause extensive necrosis. Dailey and Walker (1978) concluded that cerebral infection with Nasitrema spp. was a major factor in natural mortality of common dolphins (Delphinus delphis) along the Pacific coast of the United States and this is one of the few examples of parasitism linked directly to strandings. McColl and Obendorf (1982) reported pigmented, thick-walled ova similar to ova of Nasitrema sp. in the blowhole of a Fraser's dolphin (Lagenodelphis hosei), stranded on the shores of Corio Bay, Victoria (Vic), and noted that these trematodes have been implicated in foul-smelling blowhole discharges in dolphins (Sweeney and Ridgway 1975) .
Metastrongyloid nematodes of the genera
Halocercus, Skrjabinalius and Stenurus also occur in the lungs of dolphins and whales (Johnston and Mawson 1941; Cannon 1977; Arundel 1978; McColl and Obendorf 1982; McManus et al. 1984) . Cannon (1977) provided the first record of Stenurus globicephalae from melon-headed whales (Peponocephala electra) stranded on Moreton Island and Tugun Beach, Qld. He also provided records of this lungworm from two pilot whales (Globicephala sp.) No pathological damage was observed in histological sections of the otic canals of the animals from Moreton Island. St. ovatus was recorded by McColl and Obendorf (1982) in the bronchi and bronchioles of L. hosei, the airways occasionally completely occluded by a plug of worms. They described a parasitic bronchopneumonia and flooding of alveoli with an inflammatory exudate including fibrin, neutrophils and eosinophils. Erosion or prominent squamous metaplasia of the epithelium of the airways was thought to be associated with the thorny cuticle of the lungworms. These authors considered the lung lesions sufficiently severe to impair respiratory function markedly. This lungworm species was reported by Arundel (1978) (Table 8) The metastrongyloid nematode, Parafilaroides hydrurgae, from the lungs of the leopard seal (Hydrurga leptonyx), and the halarachnid nasal mite Halarachne miroungae, from the southern elephant seal (Mirounga leonina) are the only parasites known from the respiratory tracts of these true seals in Australian waters.
Pathogenicity associated with these parasites is unknown although hypersensitivity reaction and induction of acute bronchitis and bronchopneumonia have been associated with Par. decorus infection in California sea lions (Zalophus californianus) (in Geraci and St. Aubin 1987). Halarachnid nasal mites may damage mucous membranes sufficiently to affect animal health (Geraci and St. Aubin 1987). (Table 9) Felis catus Gordon (1933) was the first to report the metastrongyloid nematode, Aelurostrongylus abstrusus, in Australia. Later, Mackerras (1957) gave a detailed description of the life cycle of this lungworm in the intermediate host, the slug, Deroceras caruanae (as Agriolimax laevis), and in F. catus as well as the role of mice as paratenic hosts. Subsequently Coman (1972a) reported first-stage larvae of Ael. abstrusus in 3 of 14 feral F. catus in Vic. Gregory and Munday (1976) reported this lungworm from 29 of 74 feral F. catus examined in the Tasmanian Midlands. They noted muscular hypertrophy of pulmonary arteries and variable alveolar epithelisation in a further 10 F. catus, which they attributed to likely infection with Ael. abstrusus. These authors reported the absence of the parasite in 21 feral F. catus examined from King Island. A prevalence of 19% was observed in 100 F. catus examined in Canberra, 42 wild F. catus trapped on rubbish dumps and 58 domestic F. catus euthanased at a refuge (Pavlov and Howell 1977 ). An overall prevalence of 14% was reported in 327 feral F. catus from 3 different habitat types in Vic and western NSW, although prevalence ranged from 1% in the Mallee and Riverine plains to 34% in north central Vic (Coman et al. 1981) . Infection generally was light and without noticeable lesions (loc. cit.).
Feral mammals
The trichinelloid nematode, Capillaria aerophila, generally is found coiled in masses deeply embedded in the tracheal mucosa of F. catus and the fox (Vulpes vulpes) in countries outside Australia and is responsible for severe and chronic bronchitis. C. aerophila was observed in 3 of 100 stray F. catus obtained from a refuge in Sydney (Holmes and Kelly 1973), in 3 of 10 feral F. catus examined from the Tasmanian Midlands and in 2 of 21 feral F. catus examined from King Island (Gregory and Munday 1976).
Canis (lupus) familiaris, Canis lupus dingo and Vulpes vulpes
Roberts (1940) was the first to report larvae of the metastrongyloid nematode Ang. vasorum, in the faeces of an Alsatian bitch in Qld but this lungworm has not been recorded in wild dogs/dingoes (Johnston 1916b; Starr and Mulley 1988) .
The metastrongyloid nematode, Oslerus osleri, was first reported by Tidswell (1910) in the trachea of dingoes in NSW. Its presence in nodules in the trachea of a C. (l.) familiaris in Vic was suspected by Pullar (1946) who failed to detect the parasite on histological examination. Dunsmore and Burt (1972) reported a high prevalence of infection in a small sample of dingoes/wild dogs in south-eastern Australia and this was confirmed in a much larger sample (n = 340) by Dunsmore and Spratt (1979) who also found a few minute nodules in 2 of 13 V. vulpes examined. This remains the only record of Os. osleri from V. vulpes in Australia. These authors provided details of experimental life cycle studies of Os. osleri in wild and domestic dogs and a V. vulpes. Evidence in this study suggested that transmission was from parent to offspring by regurgitative feeding at the time of weaning of pups. Results from experimentally infecting a young vixen suggested that V. vulpes was an accidental rather than a normal definitive host, probably acquiring infection while scavenging on regurgitated food overlooked by pups.
The filarioid nematode, Dirofilaria immitis, was discovered in the pulmonary arterial tree of the lung of 18 of 32 (56%) C. l. dingo examined on Ban Ban Station, an 1800 km 2 property in the Northern Territory about 140 km south of Darwin (Starr and Mulley, 1988) . Newsome et al. (pers. comm.) found heartworm in 2.3% of 44 dingo/wild dog hybrids but in none of 35 dingoes, 6 dogs, 25 pups and 18 unclassified animals in south-eastern Australia. Seddon (1950) reported that heartworm had been found in V. vulpes in northern NSW.
Adults of the linguatulid pentastome, Linguatula serrata (syn. Lin. dingophila), have been recorded from the nasal sinus of C. l. dingo (Johnson 1910; Johnston 1916; Durie and Riek 1952; Riley et al. 1985) and V. vulpes (Pullar 1936; Riley et al. 1985) and nymphal stages from the lungs of O. cuniculus (Riley et al. 1985) .
Sus scrofa
The metastrongyloid nematodes of pigs, Metastrongylus apri and Met. pudendotectus, occur in the terminal bronchi, particularly those of the vertebral sections of the diaphragmatic lobes. Both species were recovered from feral S. scrofa by Barrett
Host
Parasite Taxon Site in host References
Felis catus Nematode Aelurostrongylus abstrusus bronchioles Gordon, 1933; Mackerras, 1957; Coman 1972a; Gregory and Munday 1976; Pavlov and Howell 1977; Coman et al. 1981 
